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©  Method  and  apparatus  for  opening,  closing  and  rotating  rigid  marine  sails. 

M 
i s  

O  

A  rigid  marine  sail  comprises  sail  portions  (6B)  pivotably 
movable  between  an  open  and  a  closed  position  about  an 
axis  forward  of  a  rotatable  mast  (1).  Signals  representative  of 
the  wind  velocity  at  predetermined  time  intervals  and  signals 
representative  of  the  wind  direction  at  said  intervals  are  each 
smoothed  (16)  and,  on  the  basis  of  the  smoothed  signals,  a 
determination  is  made  whether  the  sail  portions  are  to  be 
open  or  closed,  and  the  sail  is  operated  accordingly 
(11,17,18,19).  An  optimum  sail  angle  is  determined  for 
maximum  propulsive  effect  when  open  and  minimum  said 
wind  resistance  when  closed,  and  the  mast  and  sail  is  rotated 
(5,20,21,22)  as  a  whole  in  accordance  with  the  optimum 
angle.  This  permits  automatic  and  effective  utilization  of  the 
wind  force  when  of  a  suitable  velocity  in  a  suitable  direction. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   and  a p p a r a -  

t u s   f o r   o p e n i n g ,   c l o s i n g   and  r o t a t i n g   a  r i g i d   m a r i n e   s a i l  

c a r r i e d   by  a  s h i p   w i t h   a  v i e w   to  e f f e c t i v e l y   u t i l i z i n g   t h e  

wind   f o r c e   f o r   p r o p u l s i o n   o f   t h e   s h i p .  

The  f i t t i n g   of   s a i l s   to  s h i p s   i s   c u r r e n t l y  b e i n g  

p r o p o s e d   w i t h   t he   o b j e c t   of   s a v i n g   e n e r g y .   One  t y p e   o f  

s a i l   w h i c h   may  be  f i t t e d   to   s h i p s   i s   a  c a n v a s   s a i l   e m p l o y e d  

c o n v e n t i o n a l l y .   A  s a i l   o f   t h i s   k i n d   h o w e v e r   r e q u i r e s   m u c h  

t i m e   and   l a b o u r   f o r   h a n d l i n g .  

To  s o l v e   t h i s   d i f f i c u l t y ,   a  g e n e r a l l y   r i g i d   m a r i n e  

s a i l   c o m p r i s i n g   t h i n   m e t a l   s h e e t s   or  s y n t h e t i c   r e s i n   s h e e t s  

f i t t e d   to   r e i n f o r c i n g   r i b b e d   members   has   b e e n   i n v e n t e d   i n  

p l a c e   of   t he   a b o v e - m e n t i o n e d   c a n v a s   s a i l .   T h e s e   r i g i d   s a i l s  

a r e   a d a p t e d   to  be  o p e n e d   and  c l o s e d   by  m e c h a n i c a l   m e a n s  

and  can   t h u s   s o l v e   t he   a b o v e - m e n t i o n e d   p r o b l e m .  

One  of  s u c h   r i g i d   s a i l s   i s   s u b s t a n t i a l l y   as  s h o w n  

in  F i g s .   1  to  4  h e r e o f   and   has   b e e n   p r e v i o u s l y   p r o p o s e d  

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  4 7 , 9 9 4 / 8 0 .  

In  F i g s .   1  to  4,  a  m a s t   1  i s   m o u n t e d   s u b s t a n t i a l l y   v e r t i c a l l y  

on  t h e   d e c k   ( n o t   shown)   of   a  s h i p .   A  m a s t   r o t a t i n g   m e c h a n i s m  

2  i s   o p e r a b l e   to  r o t a t e   t h e   m a s t   1  a r o u n d   t h e   a x i s   t h e r e o f .  

T h i s   m e c h a n i s m   2  c o m p r i s e s   a  g e a r   3  f i x e d   on  t h e   p e r i p h e r y  

of  t h e   mas t   1  a t   t he   l o w e r   p o r t i o n   t h e r e o f   and  a  m o t o r  5  

h a v i n g   a n o t h e r   g e a r   4  e n g a g i n g   w i t h   the   a b o v e - m e n t i o n e d  

g e a r   3.  A  r i g i d   s a i l   6  i s   f i t t e d   to  the   m a s t   1  p a r a l l e l  

w i t h   t h e   a x i s   t h e r e o f   by  means   of  a  p l u r a l i t y   of  f i t t i n g  

m e m b e r s   7.  The  r i g i d   s a i l   6  c o m p r i s e s   a  c e n t r a l   s a i l   p o r t i o n  

6A  f i x e d   to  t h e   mas t   1,  and  two  s a i l   p o r t i o n s   6B  f i t t e d  

to  t h e   r e s p e c t i v e   s i d e   e d g e s   o f .  t h e   c e n t r a l   s a i l   p o r t i o n  

6A  so  as  to  be  p i v o t a b l y   m o v a b l e .   An  o p e n i n g / c l o s i n g   d e v i c e  

8  i s   p r o v i d e d   f o r   o p e n i n g   and  c l o s i n g   e a c h   of   t h e   s a i l   p o r -  
t i o n s   6B,  t h i s   d e v i c e   8  c o m p r i s i n g :   a  m o v a b l e   r o d  1 0   v e r t i c -  

a l l y   m o v a b l y   f i t t e d ,   by  means   o f  a   p l u r a l i t y   of   g u i d e   m e m b e r s  

9,  to  t h e   mas t   1  in  p a r a l l e l   t h e r e w i t h ;   a  ram  11  c o m p r i s i n g ,  



f o r   e x a m p l e ,   a  p i s t o n   f o r   v e r t i c a l l y   m o v i n g   t h e   m o v a b l e  

rod   10,  and  a  p l u r a l i t y   of   c o n n e c t i n g   r o d s   12  p r o v i d e d   a t  

p r e s c r i b e d   i n t e r v a l s   in   a  v e r t i c a l   c o l u m n   on  e a c h   of  t h e  

s a i l   p o r t i o n s   6B,  one  end  o f   e a c h   c o n n e c t i n g   r o d   12  b e i n g  

c o n n e c t e d ,   t h r o u g h   a  r e s p e c t i v e   u n i v e r s a l   b e a r i n g   13,  t o  

e a c h   of  t he   s a i l   p o r t i o n s   6B  a t   p r e s c r i b e d   i n t e r v a l s   t o  

fo rm  a  v e r t i c a l   c o l u m n ,   and  t h e   o t h e r   end  of   e a c h   c o n n e c t i n g  

rod   12  b e i n g   c o n n e c t e d ,   t h r o u g h   a n o t h e r   r e s p e c t i v e   u n i v e r s a l  

b e a r i n g   14,  to  t he   m o v a b l e   r o d   10  a t   p r e s c r i b e d   i n t e r v a l s  

to  f o rm  a  v e r t i c a l   c o l u m n .  

By  d r i v i n g   t he   m o t o r   5  o f   t he   m a s t   r o t a t i n g   m e c h a n i s m  

2,  t he   r i g i d   s a i l   6 ,  i s   r o t a t e d   t o g e t h e r   w i t h   t h e   m a s t   1 

by  means   of   t he   g e a r s   3  and  4.  The  s a i l   p o r t i o n s   6B  o f  

t h e   r i g i d   s a i l   6  a r e   o p e n e d ,   as  shown  in   F i g s .   1  and  2 ,  

by  r a i s i n g   t he   m o v a b l e   r o d s   10  w i t h   t h e   ram  11,  and  a r e  

c l o s e d ,   as  shown  in  F i g s .   3  and   4,  by  l o w e r i n g   t h e   m o v a b l e  

r o d s   10  w i t h   t he   ram  1 1 .  

One  p r o b l e m   t h a t   i s   now  a p p r e c i a t e d   w i t h   t h e   a b o v e  

d e s c r i b e d   r i g i d   s a i l s   i s   t h a t   t h e   w ind   v e l o c i t y   and  t h e  

w ind   d i r e c t i o n   a t   s e a   a r e   in   p r a c t i c e   c o n t i n u a l l y   c h a n g i n g .  

An  o b j e c t   of   t he   p r e s e n t   i n v e n t i o n   i s   to   p r o v i d e  

a  m e t h o d   and  a p p a r a t u s   w h i c h   p e r m i t s   e a s y   and  r e l i a b l e   r o t a -  

t i o n ,   o p e n i n g   and  c l o s i n g   of   a  r i g i d   m a r i n e   s a i l   on  a  s h i p  

w i t h   a  v i e w   to  e f f e c t i v e l y   u t i l i z i n g   t h e   w ind   f o r c e   f o r  

p r o p u l s i o n   of   t he   s h i p .  

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   t h e r e   i s   p r o v i d e d  

a  m e t h o d   of   o p e n i n g ,   c l o s i n g   and  r o t a t i n g   a  g e n e r a l l y   r i g i d  

m a r i n e   s a i l   w h i c h   c o m p r i s e s   a t   l e a s t   f i r s t   and  s e c o n d   s a i l  

p o r t i o n s   p i v o t a b l y   m o v a b l e   b e t w e e n   an  open   and  a  c l o s e d  

p o s i t i o n   a b o u t   a  s u b s t a n t i a l l y   v e r t i c a l   a x i s   a s s o c i a t e d  

w i t h   a  m a s t   of   a  s h i p ,   s a i d   m a s t   b e i n g   r o t a t a b l e   a b o u t   i t s  

o w n  a x i s ,  

c h a r a c t e r i z e d   b y :  

s m o o t h i n g   a  p l u r a l i t y   o f   s i g n a l s   r e p r e s e n t a t i v e   o f  

the   w i n d   v e l o c i t y   a t   p r e d e t e r m i n e d   t i m e   i n t e r v a l s ;  

s m o o t h i n g   a  p l u r a l i t y   o f   s i g n a l s   r e p r e s e n t a t i v e   o f  

t he   w ind   d i r e c t i o n   a t   p r e d e t e r m i n e d   t ime   i n t e r v a l s ;  



d e t e r m i n i n g   on  t h e   b a s i s   of   s m o o t h e d   w i n d   v e l o c i t y  

s i g n a l   and  s a i d   s m o o t h e d   w i n d   d i r e c t i o n   s i g n a l   w h e t h e r   s a i d  

s a i l   p o r t i o n s   a r e   to   be  in   t h e   open   or   c l o s e d   p o s i t i o n ;  

a u t o m a t i c a l l y   o p e r a t i n g   an  a p p a r a t u s   f o r   o p e n i n g  

and  c l o s i n g   s a i d   s a i l   p o r t i o n s   in   a c c o r d a n c e   w i t h   s a i d   d e t e r -  

m i n a t i o n ;  

d e t e r m i n i n g   an  o p t i m u m   s a i l   a n g l e ,   r e l a t i v e   to  t h e  

s h i p ,   a t   w h i c h   s a i d   s a i l   p o r t i o n s   p r o v i d e   maximum  p r o p u l s i v e  

e f f e c t   when  in   s a i d   open   p o s i t i o n   and  minimum  w i n d   r e s i s t a n c e  

when  in   s a i d   c l o s e d   p o s i t i o n ;   a n d  

r o t a t i n g   s a i d   m a s t   t o g e t h e r   w i t h   s a i d   s a i l   p o r t i o n s  

in  a c c o r d a n c e   w i t h   any  d e v i a t i o n   b e t w e e n   t h e   a c t u a l   s a i l  

a n g l e   and  s a i d   o p t i m u m   s a i l   a n g l e   w h e r e b y   to   t e n d   a l w a y s  

to  m a i n t a i n   s a i d   s a i l   p o r t i o n s   a t   s a i d   o p t i m u m   a n g l e .  

The  i n v e n t i o n   a l s o   p r o v i d e s   a p p a r a t u s   f o r   o p e n i n g ,  

c l o s i n g   and  r o t a t i n g   a  g e n e r a l l y   r i g i d   m a r i n e   s a i l   w h i c h  

c o m p r i s e s   a t   l e a s t   f i r s t   and  s e c o n d   s a i l   p o r t i o n s   p i v o t a b l y  

m o v a b l e   b e t w e e n   an  open   and  a  c l o s e d   p o s i t i o n   a b o u t   a  s u b -  

s t a n t i a l l y   v e r t i c a l   a x i s   a s s o c i a t e d   w i t h   a  m a s t   of   a  s h i p ,  

and  s a i d   m a s t   b e i n g   r o t a t a b l e   a b o u t   i t s   own  a x i s ,  

c h a r a c t e r i z e d   b y :  

m e t e r   means   (15)   on  s a i d   s h i p   f o r   p r o v i d i n g   s i g n a l s  

r e p r e s e n t a t i v e   o f   t h e   w i n d   v e l o c i t y   and  s i g n a l s   r e p r e s e n t a t -  

i v e   o f   t h e   w i n d   d i r e c t i o n ;  

means   (16 )   f o r   s m o o t h i n g   a  p l u r a l i t y   of   t he   s i g n a l s  

r e p r e s e n t a t i v e   of   t he   w i n d   v e l o c i t y   a t  p r e d e t e r m i n e d   t i m e  

i n t e r v a l s ;  

means   (16)   f o r   s m o o t h i n g   a  p l u r a l i t y   of   t he   s i g n a l s  

r e p r e s e n t a t i v e   of   t he   w i n d   d i r e c t i o n   a t   p r e d e t e r m i n e d   t i m e  

i n t e r v a l s ;  

means   (16)   f o r   d e t e r m i n i n g   on  t he   b a s i s   of  s a i d  

s m o o t h e d   wind   v e l o c i t y   s i g n a l   and  s a i d   s m o o t h e d   wind   d i r e c -  

t i o n   s i g n a l   w h e t h e r   s a i d   s a i l   p o r t i o n s   a r e   to  be  in   t h e  

open   o r   c l o s e d   p o s i t i o n ;  

a p p a r a t u s   ( 1 1 , 1 7 , 1 8 , 1 9 )   a u t o m a t i c a l l y   o p e r a b l e   t o  

open   and  c l o s e   s a i d   s a i l   p o r t i o n s   in   a c c o r d a n c e   w i t h   s a i d  

d e t e r m i n a t i o n ;  



means   (16)   f o r   d e t e r m i n i n g   an  opt imum  s a i l   a n g l e ,  

r e l a t i v e   to  the   s h i p ,   a t   w h i c h   s a i d   s a i l   p o r t i o n s   p r o v i d e  

maximum  p r o p u l s i v e   e f f e c t   when  in  s a i d   open  p o s i t i o n   a n d  

minimum  wind   r e s i s t a n c e   when  in   s a i d   c l o s e d   p o s i t i o n ;   a n d  

a p p a r a t u s   ( 5 , 2 0 , 2 1 , 2 2 )   f o r   r o t a t i n g   s a i d   mas t   t o g e t h e r  

w i t h   s a i d   s a i l   p o r t i o n s   in   a c c o r d a n c e   w i t h   any  d e v i a t i o n  

b e t w e e n   t he   a c t u a l   s a i l   a n g l e   and  s a i d   opt imum  s a i l   a n g l e  

w h e r e b y   to   t e n d   a l w a y s   to  m a i n t a i n   s a i d   s a i l   p o r t i o n s   a t  

s a i d   o p t i m u m   a n g l e .  

An  e m b o d i m e n t   of  t he   i n v e n t i o n   w i l l   now  be  d e s c r i b e d ,  

by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t he   a c c o m p a n y i n g   d r a w -  

i n g s ,   in  w h i c h : -  

F i g .   1  i s   a  p l a n   v i e w   i l l u s t r a t i n g   an  open  s t a t e  

of  a  p r e v i o u s l y   p r o p o s e d   r i g i d   s a i l ;  

F i g .   2  i s   a  p a r t i a l l y   c u t a w a y   f r o n t   view  i l l u s t r a t i n g  

the   open  s t a t e   of  t h e   s a i l   of   F i g .   1 ;  

F i g .   3  i s   a  p l a n   v i e w   i l l u s t r a t i n g   a  c l o s e d   s t a t e  

of  t he   s a i l   of  F i g .   1 ;  

F i g .   4  i s   a  p a r t i a l l y   c u t a w a y   f r o n t   view  i l l u s t r a t i n g  

the   c l o s e d   s t a t e   of   t h e   s a i l   o f   F i g .   1 ;  

F i g .   5  i s   a  s c h e m a t i c   d e s c r i p t i v e   view  i l l u s t r a t i n g  

an  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n ;  

F i g .   6  i s   a  f l o w   c h a r t   i l l u s t r a t i n g   a  me thod   o f  

s m o o t h i n g   the   wind   d i r e c t i o n   s i g n a l s   in  a  method  a c c o r d i n g  

to  t he   i n v e n t i o n ;  

F i g .   7  i s   a  d e s c r i p t i v e   d r a w i n g   of  wind  d i r e c t i o n  

s e n s i n g ;  

F i g .   8  i s   a  d e s c r i p t i v e   d r a w i n g   of  the  t r u e   w i n d  

v e l o c i t y   ν a ,   t he   r e l a t i v e   w i n d   v e l o c i t y   ν ,   and  the   r e l a t i v e  

wind  d i r e c t i o n   9,  in   t he   c a s e   w h e r e   the   s h i p   speed   i s   ν s ;  

F i g .   9  i s   a  d e s c r i p t i v e   d r a w i n g   i l l u s t r a t i n g   c o n d i -  

t i o n s   a l l o w i n g   s a f e   and  e f f e c t i v e   u t i l i z a t i o n   of  the   w i n d  

f o r c e   f o r   p r o p u l s i o n   of  t he   s h i p ;  

F i g .   10  i s   a  g r a p h   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

the   r e l a t i v e   wind  d i r e c t i o n   and  the   s e t   v a l u e   of  s a i l   a n g l e ;  

a n d  

F i g s .   l l A ,   11B  and  11C  a re   r e s p e c t i v e   p a r t s   of  a  



f l o w   c h a r t   of  an  e m b o d i m e n t   of   t he   m e t h o d   of  t he   p r e s e n t  

i n v e n t i o n .  

To  c o m p l y   w i t h   t he   a b o v e - m e n t i o n e d   o b j e c t ,   we  c a r r i e d  

o u t   e x t e n s i v e   s t u d i e s .   As  a  r e s u l t ,   we  d e v e l o p e d   a  m e t h o d  

f o r   r o t a t i n g ,   o p e n i n g   and  c l o s i n g   a  r i g i d   m a r i n e   s a i l   o n  

a  s h i p ,   w h i c h   p e r m i t s   e a s y   and  r e l i a b l e   o p e r a t i o n ,   o p e n i n g  

and  c l o s i n g   of   t he   r i g i d   s a i l ,   in   r e s p o n s e   to  t he   wind   v e l o c -  

i t y   and  t he   wind   d i r e c t i o n   w h i c h   c h a n g e   w i t h   t i m e   on  t h e  

s e a ,   w i t h   a  v i ew   to  e f f e c t i v e l y   u t i l i z i n g   the   wind   f o r c e  

f o r   p r o p u l s i o n   of   t h e   s h i p .  

The  a p p l i c a t i o n   of   a  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n  

to   t he   r i g i d   s a i l   shown  in  F i g s .   1  to  4  i s   d e s c r i b e d   b e l o w  

w i t h   r e f e r e n c e   to  F i g s .   5,  11A,  11B  and  1 1 C .  



In  F i g .   5,  15  i s   a  w i n d   v e l o c i t y / w i n d   d i r e c t i o n   m e t e r  

a t t a c h e d   to   t h e   s h i p   ( n o t   s h o w n ) .   16  i s   a  c a l c u l a t i n g  

d e v i c e   w h i c h   h a s   t h e   f u n c t i o n s   t o  s m o o t h ,   a t   p r e s c r i b e d  

i n t e r v a l s ,   a  p l u r a l i t y   of   w i n d   v e l o c i t y   s i g n a l s ,   and  a  

p l u r a l i t y   of   w i n d   d i r e c t i o n   s i g n a l s   f rom  t h e   w i n d   v e l o c i t y /  

w i n d   d i r e c t i o n   m e t e r   15  to   d e t e r m i n e   w h e t h e r   or   n o t   t h u s  

s m o o t h e d   w i n d   v e l o c i t y   s i g n a l s   and  w ind   d i r e c t i o n   s i g n a l s  

s a t i s f y   c o n d i t i o n s   s u i t a b l e   f o r   o p e n i n g   t h e   two  s a i l  

p o r t i o n s   6B,  and  s e n d   a  s a i l   p o r t i o n   o p e n i n g / c l o s i n g   i n s t -  

r u c t i o n   s i g n a l   C1  to   a  l i f t   c o n t r o l l e r   d e s c r i b e d   l a t e r   i n  

r e s p o n s e   to   t h e   r e s u l t s   of  t h e   above   d e t e r m i n a t i o n .   A t  

t h e   same  t i m e ,   t h e   c a l c u l a t i n g   d e v i c e   16  h a s   t h e   f u n c t i o n  

to  c a l c u l a t e   t h e   o p t i m u m   s a i l   a n g l e   a r   in  r e s p o n s e   t o   t h e  

s m o o t h e d   w i n d   d i r e c t i o n   s i g n a l s ,   w h i c h   a n g l e   (a r )   of   t h e  

r i g i d   s a i l   6  r e l a t i v e   to  t h e   h o r i z o n t a l   r e f e r e n c e   one  o f  

t h e   s h i p   p r o v i d e s   t h e   maximum  p r o p u l s i o n   to   the   r i g i d   s a i l  

6  when  t h e   s a i l   p o r t i o n s   6B  a r e   o p e n e d   and  can  m i n i m i z e  

t h e   w ind   r e s i s t a n c e   a c t i n g   on  t h e   r i g i d   s a i l   6  when  t h e   s a i l  

p o r t i o n s   6B  a r e   c l o s e d .   The  c a l c u l a t i n g   d e v i c e   16  h a s   t h e  

f u n c t i o n   to   s e n d   t h e   c a l c u l a t e d   r e s u l t s   to   a  m a s t   r o t a t i n g  

m e c h a n i s m   d e s c r i b e d   l a t e r .   17  i s   a  l i f t   c o n t r o l l e r   w h i c h  

i s   a c t u a t e d   by  a  s a i l   p o r t i o n   o p e n i n g / c l o s i n g   i n s t r u c t i o n  

s i g n a l   C1  s e n t   f r o m   t h e   c a l c u l a t i n g   d e v i c e   16,  and  h a s   t h e  

f u n c t i o n   to   d r i v e   t h e   l i f t s   11  s i m u l t a n e o u s l y .   18  and  19  

a r e   l i m i t   s w i t c h e s   a t t a c h e d   to  t he   m a s t   1.  The  l i m i t   s w i t c h  



h a s   t he   f u n c t i o n   t o   s e n d   a  s a i l   p o r t i o n   o p e n i n g   c o m p l e t i o n  

s i g n a l   l1  to   t h e   c a l c u l a t i n g   d e v i c e   1 6  w h e n   t h e   s a i l   p o r t i o n s  

6B  a r e   c o m p l e t e l y   o p e n e d .   The  o t h e r   l i m i t   s w i t c h   19  has   t h e  

f u n c t i o n   to   s e n d   a  s a i l   p o r t i o n   c l o s i n g   c o m p l e t i o n   s i g n a l   l 2  

to  t h e   c a l c u l a t i n g   d e v i c e   16  when  t h e   s a i l   p o r t i o n s   6B  a r e  

c o m p l e t e l y   c l o s e d .   20  i s   an  a n g l e   d e t e c t o r   w h i c h   i s   a t t a c h e d  

to  t h e   m a s t   1  f o r   d e t e c t i n g   t h e   r o t a t i o n   a n g l e   of   t h e   m a s t   1 .  

21  i s   t h e   m a s t   r o t a t i o n   c o n t r o l l e r   w h i c h   h a s   t h e   f u n c t i o n s  

to   d e t e r m i n e   t h e   d e v i a t i o n  e   of  t h e   a c t u a l   s a i l   a n g l e   a ,  

w h i c h   a n g l e   a  i s   d e t e c t e d   by  t h e   a n g l e   d e t e c t o r   20  r e l a t i v e  

to   t h e   h o r i z o n t a l   r e f e r e n c e   l i n e   o f   t h e   s h i p ,   f r om  t h e   a b o v e -  

m e n t i o n e d   o p t i m u m   s a i l   a n g l e   a r   and   s e n d   t h e   m a s t   r o t a t i o n  

i n s t r u c t i o n   s i g n a l   C2  to  t h e   m a s t   r o t a t i n g   m e c h a n i s m   c o n t r o l -  

l e r   d e s c r i b e d   l a t e r   u n t i l   t he   d e v i a t i o n   ε  b e c o m e s   z e r o .   22  

i s   a  m a s t   r o t a t i n g   m e c h a n i s m   c o n t r o l l e r   w h i c h   i s   a c t u a t e d   b y  

t h e   m a s t   r o t a t i o n   i n s t r u c t i o n   s i g n a l   C2  and  d r i v e s   t h e   m a s t  

r o t a t i n g   m e c h a n i s m   2 .  

A  p l u r a l i t y   o f   w i n d   v e l o c i t y   s i g n a l s   and  a  p l u r a l i t y  

o f   w i n d   d i r e c t i o n   s i g n a l s   f r o m   t h e  w i n d   v e l o c i t y / w i n d   d i r e c -  

t i o n   m e t e r   15  a r e   s m o o t h e d   by  t h e   c a l c u l a t i n g   d e v i c e   16  a t  

p r e s c r i b e d   t ime   i n t e r v a l s .   The  r e a s o n   f o r   t h e   s m o o t h i n g   i s  

as  f o l l o w s :   S i n c e   b o t h   t h e   w ind   v e l o c i t y   s i g n a l s   and  t h e  

w i n d   d i r e c t i o n   s i g n a l s   c o n t a i n   v a r i a b l e   c o m p o n e n t s   of  a  c o n -  

s i d e r a b l y   h i g h   f r e q u e n c y ,   i t   i s   n o t   p r o p e r   to  use  t h e s e   w i n d  



v e l o c i t y   s i g n a l s   and   w ind   d i r e c t i o n   s i g n a l s   b o t h   c o n t a i n i n g  

s u c h   h i g h - f r e q u e n c y   v a r i a b l e   c o m p o n e n t s   f o r   r o t a t i n g ,   o p e n -  

i n g   and  c l o s i n g   o p e r a t i o n s   o f   t h e   r i g i d   s a i l .   S m o o t h i n g   i s  

p o s s i b l e   by  any   o f   t h e   f o l l o w i n g   two  m e t h o d s :  

S m o o t h i n g   m e t h o d   1  :  

M e a s u r i n g   w i n d   v e l o c i t y   s i g n a l s   o r   wind   d i r e c t i o n  

s i g n a l s   f r o m   t h e   w i n d   v e l o c i t y / w i n d   d i r e c t i o n   m e t e r   a t  

p r e s c r i b e d   t i m e   i n t e r v a l s ,   and  c a l c u l a t i n g   t h e s e   p l u r a l i t y  

of   w i n d   v e l o c i t y   s i g n a l s   or   w i n d   d i r e c t i o n   s i g n a l s   i n  

a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e q u a t i o n   ( 1 ) :  

w h e r e ,   x n  :   S m o o t h e d   w i n d   v e l o c i t y   s i g n a l s   o r  

wind   d i r e c t i o n   s i g n a l s ;  

x n  :   n - t h   w i n d   v e l o c i t y   s i g n a l   or   w i n d  

d i r e c t i o n   s i g n a l ;  

n  :   t h e   n u m b e r   of   w i n d   v e l o c i t y   s i g n a l s  

or   wind   d i r e c t i o n   s i g n a l s .  

S m o o t h i n g   m e t h o d   2  :  

M e a s u r i n g   w i n d   v e l o c i t y   s i g n a l s   or   wind   d i r e c t i o n  

s i g n a l s   f r o m   t h e   w i n d   v e l o c i t y / w i n d   d i r e c t i o n   m e t e r   a t  

p r e s c r i b e d   t i m e   i n t e r v a l s ,   and   c a l c u l a t i n g   t h e s e   p l u r a l i t y  



of   w i n d   v e l o c i t y   s i g n a l s   o r   w i n d   d i r e c t i o n   s i g n a l s   i n  

a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e q u a t i o n   ( 2 ) :  

w h e r e ,   x n  :   s m o o t h e d   w i n d   v e l o c i t y   s i g n a l   or  w i n d  

d i r e c t i o n   s i g n a l ,  

x n - 1  :   s m o o t h e d   w i n d   v e l o c i t y   s i g n a l   or   w i n d  

d i r e c t i o n   s i g n a l   d i r e c t l y   b e f o r e  n ,  

x n  :   n - t h   w i n d   v e l o c i t y   s i g n a l   o r   w i n d  

d i r e c t i o n   s i g n a l ,  

T  :   t i m e   c o n s t a n t   u n d e r   t h e   f i r s t   o r d e r   l a g ,  

a n d  

A t  :   t i m e   i n t e r v a l   f o r   m e a s u r i n g   the   w i n d  

v e l o c i t y   o r   w i n d   d i r e c t i o n .  

When  s m o o t h i n g   w i n d   v e l o c i t y   s i g n a l s ,   c a l c u l a t i o n  

can  be  p e r f o r m e d   by  t h e   a b o v e - m e n t i o n e d   e q u a t i o n s   (1)  a n d  

(2)  w i t h   no  p r o b l e m ,   s i n c e   t h e   v a l u e   of   w ind   v e l o c i t y   s i g n a l  

c o n t i n u o u s l y   v a r i e s .   When  s m o o t h i n g   w i n d   d i r e c t i o n   s i g n a l s ,  

h o w e v e r ,   i f   t he   w i n d   d i r e c t i o n   c h a n g e s   c o n t i n u o u s l y   in  o n e  

d i r e c t i o n ,   i . e . ,   i f   i t   c h a n g e s   by  more  t h a n   360°  c l o c k w i s e  

or   a n t i c l o c k w i s e ,   t he   w i n d   d i r e c t i o n   s i g n a l s   a l w a y s   c o n t a i n  

a  p o i n t   of   d i s c o n t i n u i t y .   T h i s   i s   due  to  t h e   f a c t   t h a t   a  



w i n d   d i r e c t i o n   s i g n a l  x i   i s   p u t   o u t   f r o m   t h e   w i n d   d i r e c t i o n  

m e t e r   in   t h e   f o r m   o f ,   f o r   e x a m p l e ,   a  v o l t a g e   as  shown  i n  

F i g .   7.  More  p a r t i c u l a r l y ,   when  t he   w i n d   d i r e c t i o n   c h a n g e s  

f rom  j u s t   b e h i n d   t h e   s h i p   c l o c k w i s e   by  3 6 0 ° ,   t h e   w i n d   d i r e c -  

t i o n   s i g n a l   x i   v a r i e s   f r o m   0  V  to   10  V.  T h e r e f o r e ,   a  p o i n t  

o f   d i s c o n t i n u i t y   o c c u r s   b e t w e e n   0  V  and  10  V.  To  s o l v e   t h i s  

p r o b l e m ,   t h e   a b o v e - m e n t i o n e d   w i n d   d i r e c t i o n   s i g n a l   xn  i s  

c o n v e r t e d   i n t o   a  v a l u e  X n   to   w h i c h   t h e   e q u a t i o n s   (1)  and  ( 2 )  

p r e s e n t e d   a b o v e   a r e   a p p l i e d .   The  f l o w   c h a r t   f o r   t h e   c a l c u -  

l a t i o n   of   t h e   v a l u e  X n   i s   shown  in  F i g .   6.  When  t h e   w i n d  

d i r e c t i o n   s i g n a l   c h a n g e s ,   f o r   e x a m p l e ,   f rom  0 . 5 6   V  ( - 1 6 0 ° )  

a n t i c l o c k w i s e   to  9 . 7   V  ( + 1 7 0 ° ) ,   i t   i s   c o n v e r t e d   i n t o   t h e  

f o l l o w i n g   c o n t i n u i t y   o f   v a l u e s :  

Wind  d i r e c t i o n   s i g n a l   b e f o r e   c o n v e r s i o n :  

Wind  d i r e c t i o n   s i g n a l   a f t e r   c o n v e r s i o n :  

As  shown  in   F i g .   7,  t h e   r a n g e   of   p o s s i b l e   v a l u e s  

of   t h e   w i n d   d i r e c t i o n   s i g n a l  X i   i s   f r o m   0  V  ( - 1 8 0 ° )   t o  

10  V  ( + 1 8 0 ° ) ,   w h e r e a s   t h e   w i n d   d i r e c t i o n   s i g n a l   Xn  a f t e r  

c o n v e r s i o n   may  t a k e   a  v a l u e   b e y o n d   t he   a b o v e - m e n t i o n e d  

r a n g e .   When  t h e   f i n a l   w i n d   d i r e c t i o n   s i g n a l  x n   o b t a i n e d  



a f t e r   s m o o t h i n g   t a k e s   a  v a l u e   c o r r e s p o n d i n g   to  - 2 0 0 ° ,  

t h e r e f o r e ,   t h i s   v a l u e   i s   c o n v e r t e d   i n t o   a n o t h e r   v a l u e  

c o r r e s p o n d i n g   to   + 1 6 0 ° .  

The  d e g r e e   of   t h e   a b o v e - m e n t i o n e d   s m o o t h i n g   c a n  

be  f r e e l y   c h a n g e d   by  s e l e c t i n g   t h e   n u m b e r   n  of   w i n d  

v e l o c i t y   s i g n a l s   or   w i n d   d i r e c t i o n   s i g n a l s   in   t he   a b o v e -  

m e n t i o n e d   e q u a t i o n   ( 1 ) ,   and  by  s e l e c t i n g   t h e   t i m e   c o n s t a n t  

T  i n   t h e   a b o v e - m e n t i o n e d   e q u a t i o n   ( 2 ) .  

T h e n ,   t h e   c a l c u l a t i n g   d e v i c e   17  d e t e r m i n e s ,   on  t h e  

b a s i s   o f   t h e   s m o o t h e d   w i n d   v e l o c i t y   s i g n a l s   and  w i n d   d i r e c -  

t i o n   s i g n a l s   t h u s   o b t a i n e d ,   w h e t h e r   o r   n o t   t h e   w i n d   f o r c e  

can  be  s a f e l y   and  e f f e c t i v e l y   u t i l i z e d   as  t h e   p r o p u l s i o n  

f o r   t h e   s h i p .   The  f o l l o w i n g   t h r e e   c o n d i t i o n s   a r e   s e t   f o r  

t h e   a b o v e   d e t e r m i n a t i o n :  

w h e r e ,   a p p a r e n t   w i n d   v e l o c i t y   m e a s u r e d   o n  

t he   s h i p   ( r e l a t i v e   w i n d   v e l o c i t y ) ;   a n d  

ν u  :   u p p e r   l i m i t   v a l u e   of   t h e   "ν"  d e t e r m i n e d  

by  t h e   t o t a l   a r e a   of   t h e   r i g i d   s a i l   a n d .  

t he   s t a b i l i t y   o f   t h e   s h i p ;  

w h e r e ,   ν a :   a c t u a l   w i n d   v e l o c i t y   on  t h e   sea   ( t r u e   w i n d  

v e l o c i t y ) ;   a n d  



ν a u  :   u p p e r   l i m i t   v a l u e   o f   " ν a "   d e t e r m i n e d  

by  t h e   t o t a l   a r e a   of   t h e   r i g i d   s a i l  

and   t h e   s t a b i l i t y   o f   t h e   s h i p ;   a n d  

w h e r e ,   0  :   a p p a r e n t  w i n d   d i r e c t i o n   m e a s u r e d   o n  

t h e   s h i p   ( r e l a t i v e   w i n d   d i r e c t i o n ) ;  

a n d  

@l  :   t h e   l o w e r   l i m i t   v a l u e   of   t he   " 0 " ,   i n  

w h i c h   t he   r i g i d   s a i l   n o  l o n g e r   p r o d u c e  

a n  e f f e c t i v e   p r o p u l s i o n .  

F i g .   8  shows  t h e   r e l a t i o n s h i p   b e t w e e n   t h e   s h i p   s p e e d  

ν s ,   t h e   r e l a t i v e   w i n d   v e l o c i t y  ν ,   t h e   t r u e   w i n d   v e l o c i t y   ν a  

and   t h e   r e l a t i v e   w i n d   d i r e c t i o n   0 .  

The  r e l a t i o n s h i p   b e t w e e n   t h e   a b o v e - m e n t i o n e d  ν s ,  ν ,  

ν a   and   0  i s   e x p r e s s e d   by  t h e   f o l l o w i n g   e q u a t i o n   ( 3 ) :  

As  f o r   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n s   (1)  and  ( 3 ) ,  

d e t e r m i n a t i o n   can  be  e a s i l y   made  by  c o m p a r i n g   w i n d   v e l o c i t y  

s i g n a l s   w i t h   t h e   p r e s c r i b e d   u p p e r   l i m i t   v a l u e r   and  c o m -  

p a r i n g   w i n d   d i r e c t i o n   s i g n a l s  w i t h   t h e   p r e s c r i b e d   l o w e r  

l i m i t   v a l u e   @l.  W i t h   r e g a r d   to  t h e   c o n d i t i o n   ( 2 ) ,   in   w h i c h  

t h e   t r u e   w i n d   v e l o c i t y   t h a t   c a n n o t   be  d i r e c t l y   m e a s u r e d   o n  



a  s h i p   i s   i n v o l v e d ,   d e t e r m i n a t i o n   i s   made  w i t h   t h e   use   o f  

t h e   a b o v e - m e n t i o n e d   e q u a t i o n   ( 3 ) .   More  s p e c i f i c a l l y ,  

d e t e r m i n a t i o n   i s   done   u s i n g   t h e   f o l l o w i n g   e q u a t i o n   ( 4 )  

s o l v i n g   t h e   q u a t i o n   (3)  as  to   t h e   r e l a t i v e   w ind   v e l o c i t y  

ν  b y   i n t r o d u c i n g   t h e   u p p e r   l i m i t   v a l u e   ν a u   as  t h e   t r u e  

w i n d   v e l o c i t y   ν a :  

In  t h e   e q u a t i o n   ( 4 ) ,   when  t h e   s h i p   s p e e d y   can   b e  

c o n s i d e r e d   to   be  c o n s t a n t ,   i t   w o u l d   be  p o s s i b l e   to   m a k e  

d e t e r m i n a t i o n   on  t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   (2)  w i t h   t h e  

use   of   two  d a t a ,   i . e . ,   t he   r e l a t i v e   w i n d   d i r e c t i o n   @  a n d  

t h e   r e l a t i v e   w i n d   v e l o c i t y  ν .   The  v a l u e   o b t a i n e d   by  s u b -  

s t i t u t i n g   t h e   r e l a t i v e   w i n d   d i r e c t i o n   0  i n t o   t h e   r i g h t  s i d e  

of   t h e   e q u a t i o n   (4)  and  t h e   a c t u a l l y   m e a s u r e d   r e l a t i v e   w i n d  

v e l o c i t y   ν  a r e   c o m p a r e d .   I f   t h e   f o r m e r   v a l u e   i s   l a r g e r  

t h a n   t he   l a t t e r   o n e ,   t he   a b o v e - m e n t i o n e d   c o n d i t i o n   (2)  i s  

s a t i s f i e d .   F i g .   9  shows   an  e x a m p l e   of   t h e   r a n g e   w i t h i n  

w h i c h   t h e   w i n d   f o r c e   d e p e n d e n t   on  t h e   a b o v e - m e n t i o n e d   t h r e e  

c o n d i t i o n s   can  be  s a f e l y   and  e f f e c t i v e l y   u t i l i z e d   as  t h e  

p r o p u l s i o n   f o r   t h e   s h i p .  

A  s a i l   p o r t i o n   o p e n i n g / c l o s i n g   i n s t r u c t i o n   s i g n a l  

Cl  i s   s e n t   f rom  t h e   c a l c u l a t i n g   d e v i c e   16  to  t h e  l i f t  

c o n t r o l l e r   17,  i n   r e s p o n s e   to   the   r e s u l t   of   t he   a b o v e -  

m e n t i o n e d   d e t e r m i n a t i o n .   N a m e l y ,   when  t h e   w i n d  f o r c e   i s  



d e t e r m i n e d   to  be  c a p a b l e   o f   b e i n g   s a f e l y   and   e f f e c t i v e l y  

u t i l i z e d   as  t h e   p r o p u l s i o n   f o r   t h e   s h i p ,   t h e   c a l c u l a t i n g  

d e v i c e   16  i s s u e s   an  o p e n i n g   i n s t r u c t i o n   s i g n a l   of   t h e   s a i l  

p o r t i o n s   6B  to   t h e   l i f t   c o n t r o l l e r   17.  T h i s   c a u s e s  

a c t u a t i o n   o f   t h e   l i f t s   11  to   r a i s e   t he   m o v a b l e   r o d s   1 0 ,  

t h u s   o p e n i n g   t h e   s a i l   p o r t i o n s   6B.  When  t h e   w i n d   f o r c e   i s  

d e t e r m i n e d   n o t   to   be  c a p a b l e  . o f   b e i n g   s a f e l y   a n d - e f f e c t i v e l y  

u t i l i z e d   as  t h e   p r o p u l s i o n   f o r   t h e   s h i p ,   on  t h e   o t h e r   h a n d ,  

t h e   c a l c u l a t i n g   d e v i c e   16  i s s u e s   a  c l o s i n g   i n s t r u c t i o n   s i g n a l  

o f   t h e   s a i l   p o r t i o n s   6B  to   t h e   l i f t   c o n t r o l l e r   17.  T h i s  

c a u s e s   a c t u a t i o n   o f   t h e   l i f t s   11  to   l o w e r   t h e   m o v a b l e  r o d s  

10,   t h u s   c l o s i n g   t h e   s a i l   p o r t i o n s   6B.  When  o p e n i n g   o r  

c l o s i n g   of   t h e   s a i l   p o r t i o n s   6B  i s   c o m p l e t e d ,   t h e   l i m i t  

s w i t c h   18  o r   19  i s   a c t u a t e d   and  a  s a i l   p o r t i o n  o p e n i n g   c o m -  

p l e t i o n   s i g n a l   l1   or   a  s a i l   p o r t i o n   c l o s i n g   c o m p l e t i o n  

s i g n a l   l2  i s   t r a n s m i t t e d   to   t h e   c a l c u l a t i n g   d e v i c e   16  f o r  

c o n f i r m a t i o n   o f   o p e n i n g   o r   c l o s i n g   o f   t h e   s a i l   p o r t i o n s   6 B .  

Then ,   t h e   o p t i m u m   s a i l   a n g l e   i s   c a l c u l a t e d   by  t h e  

c a l c u l a t i n g   d e v i c e   16  on  t h e   b a s i s   of   t h e   s m o o t h e d   w i n d  

d i r e c t i o n   s i g n a l s .   T h i s   i s  d o n e   as  f o l l o w s .   As  shown  i n  

F i g .   10,   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   r e l a t i v e   w i n d  

d i r e c t i o n   and   t h e   s a i l   a n g l e   g i v i n g   t h e   maximum  p r o p u l s i o n  

in   t h e   o p e n e d  p o s i t i o n   of   t h e   s a i l   p o r t i o n s   6B,  and  t h e  

r e l a t i o n s h i p   b e t w e e n   t h e   r e l a t i v e   w ind   d i r e c t i o n   and  t h e  

s a i l   a n g l e   g i v i n g   t h e .  m i n i m u m   w i n d   r e s i s t a n c e   to  t h e   r i g i d  



s a i l   in   t h e   c l o s e d   p o s i t i o n   o f   t h e   s a i l   p o r t i o n s   6 B  a r e  

p r e v i o u s l y   c a l c u l a t e d   and   s t o r e d   i n   t he   c a l c u l a t i n g  

d e v i c e   16 .   In  r e s p o n s e   to   t h e   r e l a t i v e   w i n d   d i r e c t i o n  

s i g n a l s   f r o m   t h e   w i n d   v e l o c i t y / w i n d   d i r e c t i o n   m e t e r   1 5 ,  

t h e   d e v i c e   16  c a l c u l a t e s   t h e   s a i l   a n g l e   g i v i n g   t h e  

maximum  p r o p u l s i o n   w h e n  t h e   s a i l   p o r t i o n s   6B  a r e   o p e n e d ,  

and  on  t h e   o t h e r   h a n d   t h e   s a i l   a n g l e   g i v i n g   t h e   m i n i m u m  

w i n d   r e s i s t a n c e   to  t h e   r i g i d   s a i l   6  when  t h e   s a i l   p o r t i o n s  

6B  a r e   c l o s e d ,   t h e s e   a n g l e s   b e i n g   s e t   as  t h e   o p t i m u m   s a i l  

a n g l e   a r e  

T h e n ,   t h e   d e v i a t i o n  ε   of   t h e   a c t u a l   s a i l   a n g l e   a ,  

w h i c h   a n g l e   a  i s   d e t e c t e d   by  t h e   a n g l e   d e t e c t o r   20  r e l a t i v e  

to  t h e   h o r i z o n t a l   r e f e r e n c e   l i n e   of   t h e   s h i p ,   f r o m   t h e   s e t  

v a l u e   of   t h e   o p t i m u m   s a i l   a n g l e   a r   i s   c a l c u l a t e d   by  t h e   m a s t  

r o t a t i o n   c o n t r o l l e r   21,   and  a  m a s t   r o t a t i o n   i n s t r u c t i o n  

s i g n a l   C 2  i s   s e n t   to   t h e   m a s t   r o t a t i n g  m e c h a n i s m   c o n t r o l l e r  

22  u n t i l  t h e   a b o v e   d e v i a t i o n   ε  b e c o m e s   z e r o .   The  m a s t  

r o t a t i n g   m e c h a n i s m   2  i s   d r i v e n   by  t h e   m a s t   r o t a t i n g   m e c h a n i s m  

c o n t r o l l e r   22 ,   and  t h e   r i g i d   s a i l   6  i s   r o t a t e d ,   t o g e t h e r   w i t h  

t h e   m a s t ,   to   f o r m   t h e   o p t i m u m   s a i l   a n g l e .  

A c c o r d i n g   t o  t h e   p r e s e n t   i n v e n t i o n ,   as  d e s c r i b e d  

a b o v e ,   i t   i s   p o s s i b l e   to   e a s i l y   and   c e r t a i n l y   r o t a t e ,   o p e n  

and  c l o s e   a  r i g i d   s a i l   e q u i p p e d   on  a  s h i p   in  r e s p o n s e   t o  

t h e   wind   v e l o c i t y   and   t h e   w i n d   d i r e c t i o n   w h i c h   c h a n g e   w i t h  



t i m e   o n  t h e   s e a ,   w i t h   a  v i e w   to  e f f e c t i v e l y   u t i l i z i n g   t h e  

w ind   f o r c e   as  t h e   p r o p u l s i o n   f o r   t h e   s h i p ,   t h u s   p r o v i d i n g  

i n d u s t r i a l l y   u s e f u l   e f f e c t s .  



1.  A  m e t h o d   of   o p e n i n g ,   c l o s i n g   and  r o t a t i n g   a  g e n e r -  

a l l y   r i g i d   m a r i n e   s a i l   w h i c h   c o m p r i s e s   a t   l e a s t   f i r s t   a n d  

s e c o n d   s a i l   p o r t i o n s   p i v o t a b l y   m o v a b l e   b e t w e e n   an  open   a n d  

a  c l o s e d   p o s i t i o n   a b o u t   a  s u b s t a n t i a l l y   v e r t i c a l   a x i s   a s s o c -  

i a t e d   w i t h   a  m a s t   of   a  s h i p ,   and  s a i d   m a s t   b e i n g   r o t a t a b l e  

a b o u t   i t s   own  a x i s ,  

c h a r a c t e r i z e d   b y :  

s m o o t h i n g   a  p l u r a l i t y   of  s i g n a l s   r e p r e s e n t a t i v e   o f  

t h e   w i n d   v e l o c i t y   a t   p r e d e t e r m i n e d   t i m e   i n t e r v a l s ;  

s m o o t h i n g   a  p l u r a l i t y   of  s i g n a l s   r e p r e s e n t a t i v e   o f  

t h e   w i n d   d i r e c t i o n   a t   p r e d e t e r m i n e d   t i m e   i n t e r v a l s ;  

d e t e r m i n i n g   on  t he   b a s i s   of  s m o o t h e d   w i n d   v e l o c i t y  

s i g n a l   and  s a i d   s m o o t h e d   wind   d i r e c t i o n   s i g n a l   w h e t h e r   s a i d  

s a i l   p o r t i o n s   a r e   to   be  in   t h e   open   o r   c l o s e d  p o s i t i o n ;  

a u t o m a t i c a l l y   o p e r a t i n g   a n   a p p a r a t u s   f o r   o p e n i n g  

and  c l o s i n g   s a i d   s a i l   p o r t i o n s   in   a c c o r d a n c e   w i t h   s a i d   d e t e r -  

m i n a t i o n ;  

d e t e r m i n i n g   an  o p t i m u m   s a i l   a n g l e ,   r e l a t i v e   to  t h e  

s h i p ,   a t   w h i c h   s a i d   s a i l   p o r t i o n s   p r o v i d e   maximum  p r o p u l s i v e  
e f f e c t   when  in   s a i d   open   p o s i t i o n   and  minimum  w i n d   r e s i s t a n c e  

w h e n  i n   s a i d   c l o s e d   p o s i t i o n ;   a n d  

r o t a t i n g   s a i d   m a s t   t o g e t h e r   w i t h   s a i d   s a i l   p o r t i o n s  

in   a c c o r d a n c e   w i t h   any  d e v i a t i o n   b e t w e e n   t h e   a c t u a l   s a i l  

a n g l e   and  s a i d   o p t i m u m   s a i l .   a n g l e   w h e r e b y   to   t e n d   a l w a y s  

to  m a i n t a i n   s a i d   s a i l   p o r t i o n s   a t   s a i d   o p t i m u m   a n g l e .  

2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   e i t h e r   or   b o t h   of   s a i d   p l u r a l i t y   of  w ind   v e l o c i t y  

s i g n a l s   and  s a i d   p l u r a l i t y   of  wind   d i r e c t i o n   s i g n a l s   a r e  

s m o o t h e d   in   a c c o r d a n c e   w i t h   t he   f o l l o w i n g   e q u a t i o n :  

w h e r e  x n   :  s m o o t h e d   wind   v e l o c i t y   s i g n a l   or   s m o o t h e d   w i n d  

d i r e c t i o n   s i g n a l ,  



X n  :   n - t h   w i n d   v e l o c i t y   s i g n a l   or   wind   d i r e c t i o n  

s i g n a l ,   a n d  

n  :   t h e   n u m b e r   of   w i n d   v e l o c i t y   s i g n a l s   o r   w i n d  

d i r e c t i o n   s i g n a l s .  

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d  

in   t h a t   e i t h e r   or   b o t h   of   s a i d   p l u r a l i t y   of   w i n d   v e l o c i t y  

s i g n a l s   and  s a i d   p l u r a l l i t y   of   w i n d   d i r e c t i o n   s i g n a l s   a r e  

s m o o t h e d   in   a c c o r d a n c e   w i t h   t h e   f o l l o w i n g   e q u a t i o n :  

w h e r e  x n  :   s m o o t h e d   w i n d   v e l o c i t y   s i g n a l   or   s m o o t h e d   w i n d  

d i r e c t i o n   s i g n a l ,  

x n - 1   :  s m o o t h e d   w i n d   v e l o c i t y   s i g n a l   or   s m o o t h e d   w i n d  

d i r e c t i o n   s i g n a l   d i r e c t l y   b e f o r e  X n ,  

X n  :   n - t h   w i n d   v e l o c i t y   s i g n a l   or   wind   d i r e c t i o n  

s i g n a l ,  

T  :   t i m e   c o n s t a n t   u n d e r   t h e   f i r s t   o r d e r   l a g ,   a n d  

A t  :   t i m e   i n t e r v a l   f o r   m e a s u r i n g   t h e   w i n d   v e l o c i t y  

or   w i n d   d i r e c t i o n .  

4.  A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of   c l a i m s   1  t o  

3,  c h a r a c t e r i z e d   in   t h a t :  

s a i d   s a i l   p o r t i o n s   a r e   to   be  in   s a i d   open   p o s i t i o n  
w h e n ' t h e   f o l l o w i n g   c o n d i t i o n s   (1)  to   (3)  a r e   s a t i s f i e d :  

(1)  ν  @   ν u  
w h e r e   ν  :   a p p a r e n t   w i n d   v e l o c i t y   m e a s u r e d   on  t h e  

s h i p ,   a n d  

ν u  :   u p p e r   l i m i t   v a l u e   of   t h e  " ν "   d e t e r m i n e d  

by  t h e   t o t a l   a r e a   of  t he   r i g i d   s a i l   a n d  

t h e   s t a b i l i t y   o f   t h e   s h i p ;  

(2)  ν  @   ν a u  
w h e r e   ν a  :   a c t u a l   w i n d   v e l o c i t y   r e l a t i v e   to  t h e   s e a ,  

a n d  

ν a u :   u p p e r   l i m i t   v a l u e   of  " ν a "   d e t e r m i n e d  

by  t h e   t o t a l   a r e a   of  t he   r i g i d   s a i l   a n d  

t h e   s t a b i l i t y   of   t h e   s h i p ;   a n d  



w h e r e  0   :  a p p a r e n t   w ind   d i r e c t i o n   m e a s u r e d   on  t h e  

s h i p ,   a n d  

@ l  :   l o w e r   l i m i t   v a l u e   of   t h e   " 6 " ,   in   w h i c h  

t h e   r i g i d   s a i l   d o e s   n o t   p r o d u c e   e f f e c t i v e  

p r o p u l s i o n ;  

and  s a i d   s a i l   p o r t i o n s   a r e   c l o s e d   when  a n y  o n e   o f  

t h e   f o l l o w i n g   c o n d i t i o n s   (4)  to  (6)  a re   s a t i s f i e d :  

a n d  

5.  A p p a r a t u s   f o r   o p e n i n g ,   c l o s i n g   and  r o t a t i n g   a  

g e n e r a l l y   r i g i d   m a r i n e   s a i l   w h i c h   c o m p r i s e s   a t   l e a s t   f i r s t  

and  s e c o n d   s a i l   p o r t i o n s   p i v o t a b l y   m o v a b l e   b e t w e e n   an  o p e n  

and   a  c l o s e d   p o s i t i o n   a b o u t   a  s u b s t a n t i a l l y   v e r t i c a l   a x i s  

a s s o c i a t e d   w i t h   a  m a s t   of   a  s h i p ,   and  s a i d   m a s t   b e i n g   r o t a t -  

a b l e   a b o u t   i t s   own  a x i s ,  

c h a r a c t e r i z e d   b y :  

m e t e r   means   (15)   on  s a i d   s h i p   f o r   p r o v i d i n g   s i g n a l s  

r e p r e s e n t a t i v e   of  t h e   w i n d   v e l o c i t y   and  s i g n a l s   r e p r e s e n t a t -  

i v e   o f   t h e   w ind   d i r e c t i o n ;  

means   (16)   f o r   s m o o t h i n g   a  p l u r a l i t y   of   t h e   s i g n a l s  

r e p r e s e n t a t i v e   of  t h e   w ind   v e l o c i t y   a t   p r e d e t e r m i n e d   t i m e  

i n t e r v a l s ;  

m e a n s   (16)   f o r   s m o o t h i n g   a  p l u r a l i t y   of   t he   s i g n a l s  

r e p r e s e n t a t i v e   of  t h e   w ind   d i r e c t i o n   a t   p r e d e t e r m i n e d   t i m e  

i n t e r v a l s ;  

means   (16)   f o r   d e t e r m i n i n g   o n  t h e   b a s i s   of  s a i d  

s m o o t h e d   w ind   v e l o c i t y   s i g n a l   and  s a i d   s m o o t h e d   wind   d i r e c -  

t i o n   s i g n a l   w h e t h e r   s a i d   s a i l   p o r t i o n s   a r e   to  be  in   t h e  

open   or   c l o s e d   p o s i t i o n ;  

a p p a r a t u s   ( 1 1 , 1 7 , 1 8 , 1 9 )   a u t o m a t i c a l l y   o p e r a b l e   t o  

open   and  c l o s e   s a i d   s a i l   p o r t i o n s   in  a c c o r d a n c e   w i t h   s a i d  

d e t e r m i n a t i o n ;  

means   (16)   f o r   d e t e r m i n i n g   an  o p t i m u m   s a i l   a n g l e ,  

r e l a t i v e   to  t he   s h i p ,   a t   w h i c h   s a i d   s a i l   p o r t i o n s   p r o v i d e  

maximum  p r o p u l s i v e   e f f e c t   when  in  s a i d   open   p o s i t i o n   a n d  

minimum  wind   r e s i s t a n c e   when  in  s a i d   c l o s e d   p o s i t i o n ;   a n d  



a p p a r a t u s   ( 5 , 2 0 , 2 1 , 2 2 )   f o r   r o t a t i n g   s a i d   m a s t   t o g e t h e r  

w i t h   s a i d   s a i l   p o r t i o n s   in   a c c o r d a n c e   w i t h   a n y  d e v i a t i o n  

b e t w e e n   t h e   a c t u a l   s a i l   a n g l e   and  s a i d   o p t i m u m   s a i l   a n g l e  

w h e r e b y   to   t e n d   a l w a y s   to  m a i n t a i n   s a i d   s a i l   p o r t i o n s   a t  

s a i d   o p t i m u m   a n g l e .  
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